Background: Human bocavirus (HBoV) is a parvovirus that has been recently detected in patients with respiratory illness. Objectives: We developed a sensitive, specific, and quantitative real-time PCR assay based on the TaqMan method for HBoV detection and quantification in respiratory specimens. Study design: Three individual real-time PCR assays were designed to amplify HBoV NS1, NP-1, and VP1 genes. For clinical evaluation, 506 nasal aspirates obtained from patients with acute respiratory tract infections during December 2006 to May 2007 were tested. Results: Each assay had a broad dynamic range (50 × 10 7 to 5 × 10 7 copies of plasmid DNA) and high inter-and intra-assay reproducibility. The detection limit of each assay was 10 genome copies per reaction, and no crossreactivity with other major respiratory viruses or bacteria was detected. Clinical evaluation revealed that 11 (2.1%) of 506 patients diagnosed with upper respiratory tract infections, pneumonia, bronchitis, pharyngitis, or sinusitis had HBoV detected by all three assays, with viral loads ranging from 8.2 × 10 4 to 8.1 × 10 9 copies/ml of specimen. Conclusions: The three assays for HBoV diagnosis and quantification are highly sensitive, specific real-time tools for the reliable epidemiological and pathogenetic study of HBoV infection.
Introduction
In 2005, using random amplification methods, human bocavirus (HBoV) was identified from pooled respiratory specimens of children who had lower respiratory tract infections (Allander et al., 2005) .
HBoV is classified into the family Parvoviridae, subfamily Parvovirinae, and genus Bocavirus. Recently, after the initial detection of HBoV in respiratory secretions, several Abbreviations: HBoV, human bocavirus; LRTIs, lower respiratory track infections; PCR, polymerase chain reaction; MGB, minor groove binder; FAM, 6-carboxyfluorescein; UNG, uracil-N-glycosylase; ORFs, open reading frames; PIV, parainfluenza virus; RSV, respiratory syncytial virus. prevalence studies in children with respiratory tract infection reported a worldwide prevalence ranging from 1.5% to 10.3% (Arnold et al., 2006; Bastien et al., 2006; Choi et al., 2006; Kesebir et al., 2006; Ma et al., 2006; Sloots et al., 2006; Weissbrich et al., 2006) .
At present, the applicable identification methods for HBoV are conventional and real-time PCR, because HBoV culture and serological methods have not yet been established. In general, real-time PCR has the advantage that amplification and analysis are completed in a closed system, so it is less prone to contamination, and it is more sensitive and specific than conventional PCR, can quantify gene copy numbers, and a large number of samples can be processed in a single step without laborious postanalysis (Espy et al., 2006) . A previous study introduced a real-time PCR method that targeted NS1 and NP-1 genes with high sensitivity and specificity (Lu et al., 2006) .
In this article, we present a highly sensitive and specific TaqMan-based real-time PCR assay for the rapid detection and quantitation of HBoV in clinical specimens.
Methods

Design of primers and probes
The full sequence of HBoV was retrieved from the ST1 strain (GenBank accession no. DQ000495) to design primers and probes. HBoV NS1, NP-1, and VP1 genes were analyzed for target sites that were applicable to TaqMan real-time PCR requirements, using Primer Express software, version 2.0 (Applied Biosystems, Foster City, CA). The TaqMan MGB probes were labeled with FAM at the 5 end and with Black Hole Quencher at the 3 end (Table 1) .
Construction of the plasmid DNA standard
About 5.2 kbp of the HBoV full genome was amplified with forward primer (5 -GGATTCCAAGATGGCGTCTGT-3 ) and reverse primer (5 -ACACATTAAAAGATATAGAGTTTC-3 ) from a PCRpositive specimen. The product was cloned into plasmid vector pCR2.1-TOPO (Invitrogen, Carlsbad, CA) and verified by sequencing. The pCR2.1-HBoV plasmid was purified with a QIamp mini prep kit (Qiagen, Hilden, Germany) and quantified using UV spectroscopy (2.5 × 10 7 DNA copies/l). For standard curve generation, serial 10-fold dilutions of the pCR2.1-HBoV plasmid were prepared in 10 mM Tris-EDTA buffer (pH 8.0) and stored at −20 • C.
Real-time assay for human bocavirus
The real-time PCR assay was performed in a 20-l reaction mixture containing 2 l extracted DNA or standard plasmid, 10 l TaqMan Universal PCR Master Mix containing ROX as a passive reference dye (Applied Biosystems), 900 nM each of forward and reverse primer, and 250 nM probe. Amplification and detection were performed in an ABI Prism 7900HT sequence detection system (Applied Biosystems) under the following conditions: uracil-N-glycosylase (UNG) was activated at 50 • C for 2 min, followed by PCR activation at 95 • C for 10 min and 40 cycles of amplification (15 s at 95 • C and 1 min at 60 • C). Analysis of each assay was performed using Sequence Detector software version 2.1 (Applied Biosystems). The sensitivity of the assays was determined by using 10, 5 and 1 copies of pCR2.1-HBoV plasmid per reaction. For the specificity test, genomes from major causative agents of respiratory illness including DNA/RNA viruses and bacteria were used (Table 2) . Each intra-and interassay was performed in triplicate on three different days to evaluate reproducibility. 
Conventional PCR for human bocavirus
We compared the sensitivity of real-time PCR with conventional PCR performed by amplifying a 346 bp fragment of the NS1 gene (640-986 bp) using the following primer set: F3 (5 -TGGCTACACGTCCTTTTGAACC-3 ) and R2 (5 -GACTTCGTTATCTAGGGTTGCG-3 ). The PCR assays were performed in a 50-l reaction volume containing 4 l DNA extract, 5 l 10× PCR buffer, 2 l dNTP mix (final concentration of 400 M of each dNTP), 1 l SP Taq (Cosmo Gentec, Seoul, Korea), 1 l of each primer (10 pM), and nuclease-free water to 50 l. The PCR reaction was carried out at 95 • C for 15 min, 35 cycles of amplification (30 s at 94 • C; 30 s at 55 • C; 30 s at 72 • C), and a final extension step at 72 • C for 10 min. The PCR products were run on a 2% agarose gel, stained with SYBR safe DNA gel stain dye (Invitrogen) and visualized under UV light.
Clinical specimens
From December 2006 to May 2007, 506 nasal aspirates were collected from patients with acute respiratory infections who visited local clinics; their median age was 36 months. Specimen collection and study were carried out as part of acute respiratory tract infection surveillance by the Korea Center for Disease Control (KCDC). Informed consent was obtained from the children's parents and patients. The age distribution of the 506 patients was 83 (16.4%) <12 months; 252 (48.8%) 1-5 years; 48 (9.5%) 6-9 years; 37 (7.3%) 10-19 years; 86 (17%) > 20 years. The male to female ratio was 1.0. The diagnoses of the patients were upper respiratory infection in 154; pharyngitis in 112; bronchitis in 49; croup in 3; pneumonia in 36; otitis media in 43; sinusitis in 109. After specimen collection, total nucleic acid was extracted from 200 l aliquots of each specimen within 24 h using an automated MagNa pure LC total nucleic acid extraction kit (Roche Diagnostics, Mannheim, Germany). All specimens were tested for common respiratory viruses (influenza viruses A/B, RSV, PIV 1/2/3, coronaviruses, rhinovirus, and adenoviruses) using a modified version of a previously described multiplex PCR and reverse transcription PCR (Na et al., 2002; Paul et al., 2004) . The rest of the specimens were kept at −70 • C.
Results
Real-time PCR standard curve and dynamic range
For quantification of the HBoV, full genome size of HBoV plasmid DNA was used to generate a standard curve. Serial 10-fold dilutions spanning from 50 × 10 7 to 5 × 10 7 copies of plasmids were used per reaction mixture and each reaction was performed in triplicate. The standard curves generated in each assay showed amplification efficiencies greater than 89% (NS1, 96.8%; NP-1, 90.5%; VP1, 89.5%) and linear regressions better than 0.99 in all three assays. The dynamic range of the assays was analyzed by means of C T values in 7 log units with corresponding C T values.
Real-time PCR detection limit, specificity, and reproducibility
The detection limit of the assays was determined using 12 replicates of each primer-probe set with 10, 5 and 1 copies of plasmid DNA. Ten copies resulted in a detection rate of 100% (NP-1), 100% (NS1), and 100% (VP1). At five copies the analytical detection limit was decreased to 75% (NP-1), 75% (NS1), and 25% (VP1). At the lowest level of one copy template, NP-1 gene detection (53.3%) was higher than the other target genes, NS1 (33.3%) and VP1 (6.7%).
The crossreactivity with other DNA viruses such as human parvovirus B19, adenovirus 11, herpes simplex virus 2 and human herpes virus 6, varicella-zoster virus, and respiratory pathogenic bacteria, including Haemophilus influenzae, Legionella pneumophila, Streptococcus pneumoniae, Mycoplasma pneumoniae, and Chlamydia pneumoniae, was assessed by applying each of the three assays to 200 ng of DNA from each species. In addition, the cDNA of respiratory RNA viruses (influenza virus A/B, parainfluenza viruses 1/2/3, RSV, coronavirus 229E/OC43, rhinovirus 13, and enterovirus) was evaluated to exclude possible amplification by reverse transcription. No nonspecific amplification was detected in these samples by any of the three assays.
The intra-and inter-assay reproducibility was assessed using 10-fold serial dilutions of standard HBoV plasmid DNA ranging from 50 × 10 7 to 5 × 10 7 copies in triplicate on three different days. Intra-assay variation ranged from 0.03% to 1.12% and inter-assay variation from 0.03% to 3.43% and showed high assay reproducibility and precision (Table 3) .
Comparison of real-time PCR and conventional PCR assay
To assess the sensitivity of real-time PCR compared with conventional PCR, 10-fold serial dilutions of standard HBoV plasmid DNA ranging from 1 × 10 2 to 1 × 10 8 copies as a template were used. The detection limit of the gel-based conventional PCR assay that amplifies 346-bp of the NS1 gene was 1000 copies of HBoV plasmid DNA (Fig. 1) . On the other hand, as shown above, the detection limit of three real-time PCR assays obtained from plasmid DNA samples was as low as 10 copies. The sensitivity of the real-time PCR was equivalent to an increase of two log units over the conventional PCR assay.
Detection of HBoV in clinical specimens
For clinical evaluation, the three newly developed realtime PCR assays were used to detect HBoV in nasal aspirates collected from 506 patients with acute respiratory tract infections. Among them, 11 (2.1%) specimens were positive for b Each value was determined from three replicates within a assay. c Assays were performed three times on different days in an independent manner. three targets, three were positive for two targets (NS1 and VP1), and three were positive for only a single target (two for NP-1 and one for VP1). Positive criteria defined that all three primer-probe sets were positives with more than 10 copies of each target. RT-PCR results for other common respiratory viruses indicated that 80 (15.8%) specimens were positive for rhinovirus, 42 (8.3%) for influenza virus A, 19 (3.7%) for RSV, 4 (0.8%) for adenovirus, 2 (0.4%) for influenza virus B, 1 (0.2%) for parainfluenza virus, and 1 (0.2%) for coronavirus OC43. Among 11 patients who gave HBoV-positive specimens, two patients were coinfected with RSV and one patient with rhinovirus. Interestingly, one sam- ple, which was not positive by conventional PCR, contained a mean of 8.2 × 10 4 copies/ml of HBoV in real-time PCR assays. Considering all positive assays, the clinical specimen detection limit was around 10 genome copies. The clinical characteristics of positive patients (eight infants and two adults) who were diagnosed with upper respiratory infection, bronchitis, pneumonia, pharyngitis, or sinusitis are described in Table 4 .
Discussion
Our quantitative real-time PCR assays provide sensitive and specific diagnostic tools targeting three putative ORFs and allow quantification of HBoV in clinical specimens. Each assay was performed over a wide dynamic range with low intra-and inter-assay variation, and showed no crossreactivity with other respiratory viruses or bacteria. The sensitivity of the three assays was significantly higher than conventional PCR assay.
To define positive criteria that minimized false positives, we tested clinical specimens in triplicate, and defined positive results as those where all three independent assays (NS1, NP-1, and VP1) were positive. For practical laboratory application, however, the assay targeting NS1 gene seems to be the most efficient and reliable because the NS1 gene is highly conserved. As in a previous report, we were careful to prevent possible contamination of the PCR, so preparation of the PCR premix, control plasmid DNA, and clinical sample processing were performed in a separate room (Lu et al., 2006) . Moreover, the real-time PCR is performed in a closed system, and UNG was added to the PCR master mix as another level of control for amplicon contamination (Espy et al., 2006) . However, we could not exclude other factors that might lead to false positive results, such as cross-contamination during specimen handling and nucleic acid extraction.
As mentioned above, applicability of these assays for clinical diagnosis was estimated using respiratory specimens from patients with acute respiratory tract infections, and a broad range of HBoV genome copy number was detected. Interestingly, one specimen with a lower viral load among these positives was missed by conventional PCR, reflecting the sensitivity of our real-time assays. Moreover, to the best of our knowledge, this is the first report to identify HBoV infection in adults in Korea. Previously, Lu et al. (2006) reported that HBoV PCR-positive patients with pneumonia had a relatively low viral load. Although more clinical data should be required to interpret correlation between pathogenesis and the viral load, the real-time assays described in this study would provide useful tools for analysis of clinical and molecular epidemiological investigation of HBoV infection.
